INTRODUCTION
Unconventional slow viruses infecting their hosts produce always fatal progressive degenerative destruction of the central nervous system without any apparent immunological reaction. The use of the model system scrapie in hamsters (Kimberlin & Walker, 1977) resulted in the discovery of disease-specific fibrils (Merz et at., 1981) which were subsequently found in mouse scrapie as well as in the human Creutzfeldt-Jakob disease (CJD) (Merz et al., 1983 (Merz et al., , 1984 . These scrapie-associated fibrils (SAF) were shown to contain a major protein component (SAF protein) (Diringer et al., 1983 a; Prusiner et al., 1983) which had been discovered a year before as a disease-specific protein then designated prion protein (PrP) (Bolton et al., 1982) . As a considerable amount of infectivity is associated with SAF, it was thought that they perhaps represent the infectious agent (Diringer et al., 1983a; Prusiner et al., 1983) , a possibility raised also by their discoverers (Merz et al., 1983 (Merz et al., , 1984 . However, SAF could also represent a pathological product caused by an infectious agent (Diringer et al., 1983a; Merz et al., 1983 Merz et al., , 1984 Prusiner et al., 1983) . We now believe that the latter is the case (Braig & Diringer, 1985) .
With a purification method developed to yield large quantities of SAF protein from a few hamster brains (Hilmert & Diringer, 1984) we were able to raise antisera in rabbits , as have others using a laborious method involving 1000 hamster brains (Bendheim et al., 1984) . Our antisera have in the present study been characterized qualitatively and quantitatively and have been studied with respect to their cross-reactivity with SAF protein obtained from mice and CJD patients. Furthermore, we have compared the rabbit sera with three mouse sera prepared for the first time against hamster SAF protein using formic aciddenatured SAF protein. (a, c, d ) rabbit 536 and (b) mouse 3, starting at 1 : 1000, were tested with 1 ~tl of hamster SAF (columns 1, 3, 4) and normal hamster brain (columns 2, 5) (from 0.9 g brain/100 p.1); with 1 ~tl of mouse SAF (column 6) and normal mouse brain (column 7) (from 0.9 g brain/100 ~tl), and with 1 ~tl of human CJD preparations 10, 11, 13, 14) and normal human brain (N-6, -1 in columns 8, 12) (from 10 g brain/100 I-tl). admixed with tobacco mosaic virus (TMV) were adsorbed to carbon-reinforced electron microscopy grids and reacted with either anti-SAF serum or anti-TMV serum. Rabbit antibody bound specifically to either SAF or TMV was revealed by the presence of electron-dense antiIgG-gold complexes ( Fig. 1 ). It can be seen that the serum raised against SAF protein reacted with the fibril, whereas the serum raised against TMV reacted with the virus only. The preimmune sera did not react with SAF (not shown).
We then quantified the amount of antibody in the four rabbit anti-SAF sera, by testing serial dilutions of the sera against standardized amounts of hamster brain SAF protein adsorbed to nitrocellulose by the NC-ELISA method . All sera reacted positively to SAF protein up to high dilutions, whereas control material obtained from healthy brains only reacted at low dilutions. No reaction was obtained with the preimmune sera. The three mouse sera raised against SAF from hamster brain as formic acid-denatured SAF protein (Multhaup et al., 1985) also reacted specifically in this test. Typical NC-ELISA results with one rabbit and one mouse serum are shown in Fig. 2(a, b) .
The test was found to be positive using different SAF preparations from hamster brains. Cross-reactivity with SAF material isolated from mouse brain could also be demonstrated (Fig.  2a, c) . One of the rabbit sera was used to determine whether it reacted specifically also with material from human brains of patients who had died of CJD (Fig. 2d) . The CJD antigen reacted with the anti-hamster SAF serum in all five cases. Control material was negative in only one case (N-I), whereas the other human control showed a positive reaction comparable to the two weakly reacting CJDs (CJD-2 and -5) (Fig. 2d) . Table 1 summarizes the quantification of antibodies in the rabbit sera and gives information about their reactivity with the various antigens. Sera 536 and 537 reacted with hamster SAF protein as well as with mouse SAF protein up to dilutions of about 1:32000 to 1:64000, whereas with normal material they reacted up to dilutions of about 1:1000 to 1:4000. Serum 534 was somewhat less potent, and the weakest reactivity was measured for rabbit 535. Against human CJD material, sera 536 and 537 reacted up to various antibody titres depending on the patient the material was derived from. With material from patient CJD-7, the sera were as potent as they were with the hamster-derived antigens.
Rabbit serum 536 was then used in Western blot analyses at a 1:2000 dilution in order to characterize SAF proteins obtained from the different sources, and also to investigate whether we could detect SAF protein in normal brain material. The latter seemed essential, because the tests described above revealed some non-specificity of our sera.
In Fig. 3 , it can be seen that Western blot analyses were much more suitable than silver staining of SDS-polyacrylamide gels for differentiating between a variety of bands in scrapie brain material from hamster and mouse as well as in human CJD material. At least five different bands of antigen present at nearly identical positions could be differentiated in all diseased brain materials. The amount of material present in these bands varied, however, according to either the host species or the kind of agent. Whereas in hamster SAF protein band 1 with the highest molecular weight of about 26K was most prominent, in mouse material the antigen was almost equally distributed between bands 1 to 4 with a possibly slight excess of material in band 4 representing a molecular weight of about 18K.
No SAF protein was detected in normal hamster or mouse brain preparations, even if these materials were used up to the tested 10-, 20-or 50-fold excess (hamster) and to 5-or 10-fold excess (mouse). Mouse sera raised against hamster SAF when used in Western blots showed identical band patterns (data not shown).
In the two human CJD materials which were available in sufficient quantities for Western blotting the strongest reactions were observed with bands 2 and 4 representing molecular weights of about 24K and 18K, respectively. As well as the five bands also present in hamster and mouse SAF, the rabbit antiserum detected additional material at positions of about 12K and 10K. This material was also present in the preparation of human control brain N-6 which reacted positively in the NC-ELISA, but not in a twofold concentrated sample of control brain N-1 which showed no non-specificity in ELISA. Furthermore, in diseased brains from all sources, a high molecular weight band (about 40K) could be detected if large amounts of antigen were blotted. 
DISCUSSION
Rabbit antisera raised against SAF protein from inbred CLAC hamsters infected with the 263K strain of scrapie detect the same antigen in CLAC as in the outbred AURA hamsters. These antibodies obtained with SDS-denatured SAF protein reacted with the intact fibrils prepared by a sucrose gradient technique (Diringer et al., 1983a) . Antibodies prepared by others in a more laborious way using preparations from 1000 hamster brains (Bendheim et al., 1984) instead of only 15 also react with the intact fibril (Prusiner, 1984) . In our experiments as well as in those published recently (Bendheim et al., 1984) , in Western blots the antibodies detect various antigen-containing bands with apparent molecular weights of about 26K, 24K, 20K, 18K and 16K. Furthermore, we found additional reactive material at about 40K if high amounts of antigen were electrophoresed and blotted. As has been reported for two cases of CJD in man and for CJD in mice Bendheim et al., 1985) similar bands have been detected in our experiments with two more cases of the disease. Thus, because of the striking similarities in reactivity of our antibodies and those prepared by others with material from hamsters as well as from man isolated by similar but not identical procedures, we feel that our previous suggestion that SAF and prions are synonyms for one and the same structure (Hilmert & Diringer, 1984 ) is supported, a conclusion which so far has not been generally accepted Bendheim et al., 1985) .
Our studies also show that antibodies against SAF react specifically with material from scrapie-affected mice. In addition we have been able to raise antisera to hamster SAF in mice although only with formic acid-denatured SAF protein and not with SDS-denatured material. The ability to raise anti-SAF sera in mice. makes it possible to prepare monoclonal antibodies to SAF; these might be useful for increasing the specificity of the reaction and thus for searching in large-scale screening experiments for the disease-specific antigen in crude materials using the NC-ELISA test. The method should be able to detect around 50 ng or even less of SAF protein. This amount of antigen was present in the material we spotted as 1 ~tl of solution onto the nitrocellulose, representing 5 mg of hamster brain (Hilmert & Diringer, 1984) .
SAF fractions used for immunization may have contained up to 10~ of impurities. Thus, it is to be expected that antisera may also contain antibodies directed against host components. This seems indeed to have been the case, as shown by the NC-ELISA test where low dilutions of sera also reacted with normal brain material, whereas at higher dilutions the NC-ELISA and the Western blot specifically detected SAF antigen.
The quantitative differences in the amount of antigen in the five main bands detected by Western blotting could be caused either by the various agents used, i.e. the 139A and the 263K strains of scrapie and the CJD agent or by the different hosts, i.e. mouse, hamster and man, respectively. We suspect the host to be of more importance. It was shown recently with hamster scrapie in two different strains of animals that separation of the SAF antigen into various bands can be caused by a variation in glycosylation of a single peptide chain (Multhaup et al., 1985) . Complete removal of the sugar side-chains resulted in a single peptide with a molecular weight of about 7000. Size, amino acid composition as well as sequencing data have shown that we are dealing with an amyloid-like peptide (Multhaup et al., 1985) . The results chemically confirm earlier observations on intact SAF by electron microscopy (Merz et al., 1981 ; Diringer et al., 1983a; Prusiner et al., 1983) or Congo red staining (Prusiner et al., 1983) . Kinetic data also indicate that SAF protein is an amyloid caused by a preceding virus replication (Braig & Diringer, 1985) rather than being a constituent of the scrapie agent itself (Bolton et al., 1984) . Whether the amyloid in extracellular deposits seen in some scrapie agent/mouse strain combinations (Bruce et al., 1976 ) is chemically identical with SAF protein remains to be seen. From our data we would conclude that the SAF amyloid antigen must have been derived from a precursor glycoprotein structurally and functionally similar if not identical in all three hosts. This assumption is additionally supported by an impressive study by Oesch et al. (1985) demonstrating strong evidence that the 27K to 30K polypeptide designated PrP (Bolton et al., 1982) , purified from scrapie hamster brain (and which is apparently identical with SAF protein) is encoded by a cellular gene. Confirmatory results have just been obtained independently by Chesebro et al. (1985) detecting PrP-specific mRNA in both normal and scrapie-infected mouse and hamster brain, thus suggesting that PrP is closely related to a normal protein of the brain of these species. Furthermore, Western blot analyses done by Oesch et al. (1985) showed some evidence that an antigenically PrP-related protein of 33K to 35K which could be detected only in crude normal and scrapie-infected brain homogenates without protease treatment might be a precursor from which the 27K to 30K protein is derived. However, a definite proof remains to be established.
From all these data it seems likely that the identification of the predicted SAF protein precursor would be valuable for further attempts to analyse the mechanisms involved ,in the pathogenicity of scrapie infection. The application of recent immunological techniques as presented in this study using antibodies to SAF protein may be useful for this purpose.
